Recently, major services provided by mobile communications systems are shifting from voice conversations to data communications over the Internet. There is a strong demand for increasing the data transmission rate. However, an important problem arises; larger peak transmit power is required as transmission rate becomes higher. In this paper, a virtual cellular concept is proposed to avoid this power problem and its transmit power and frequency efliciencies. are evaluated by computer simulation to compare with that of the present cellular systems.
I. INTRODUCTION
The 3rd generation mobile communication systems, known as IMT-2000 systems, have data transmission capability of up to 2 Mbps. However, since information transferred over the Internet is becoming increasingly rich, even IMT-2000 data transmission rate capability will sooner or later become insufficient. Probably, there will be a demand of peak data transmission rates of around IOOMbps -1Gbps even in mobile communications systems. This will be the task of the 4th generation (4G) mobile communications systems, which is expected to emerge around 2010. Amajor objective of 4G systems will be to offer mobile users broadband multimedia services. However, there will be an important problem to overcome; as data transmission rate becomes higher, the peak transmit power becomes larger. Reducing the cell size is an efficient way to avoid larger peak transmit powers while increasing the data transmission rate [I] , [2] .
However, in realizing nano-or even pico-ce!l wireless network, the use of present cellular concept may not be optimal. In this paper, a virtual cellular concept is proposed and its transmit power and frequency efficiencies are evaluated by computer simulation to compare with the present cellular systems. Figure I compares the virtual cellular system and the present cellular system. Many wireless ports are distributed in each virtual cell. One of the wireless ports distributed in each vimal cell acts as a gateway (this is called the central port here) to the network, similar to a base station in the present cellular system. A mobile station communicates with multiple wireless ports simultaneously. 
VIRTUALCELLULAR CONCEPT

NUMERICAL EXPRESSION FOR TRANSMIT POWER
AND RECEIVED SINR TDMA wireless access method is assumed (the same frequency is not reused within a virtual cell). Figure 2 illustrates the virtual cell of interest surrounded by six nearest co-channel virtual cells. The 0-th virtual cell is considered as the viitual cell of interest. Only the first tier (6 nearest co-channel virtual cells) is considered because the interference power from the second tier of co-channel virtual cells is much smaller than the first tier. D is the distance between the co-channel virtual cells and R is the virtual cell radius, The instantaneous propagation loss is modeled as the product of the distance dependent path IOU, log-normally distributed shadowing loss and multipath fading power gain. Assuming a short distance between a mobile and its nearest wireless port, frequency non-selective fading is assumed.
Signal-to-noise power ratio (SNR)-based fast transmit power control (TPC) is considered with the target SNR (S/WroTel given by P I
where N is the background noise power, x represents the allowable interference rise factor, defined as the interference plus background noise-to-background noise power ratio and y-is the required signal-to-interference plus noise power ratio (SINR) for the required bit error rate (BER) Pb,. The sum of the background noise and interference is approximated as a Gaussian noise. Assuming coherent quadrature phase shift keying (QPSK) data modulation, the required SINR ymq is obtained using Figure 2 Geometry of co-channel virtual cells
A. UPLINK
In the uplink, the received signals at wireless ports are transferred to the central port to be diversity combined. Then, the combined signal at the central port is transferred to the control station in the network. Two diversity combining methods are considered maximal ratio combining (MRC) and selection combining (SC). The transmit power of mobile station is controlled by TPC command that is sent from the central port. It is assumed that there are K wireless ports in each virtual cell, each wireless port being equipped with M receive antennas.
( I ) MRC
The SINR 16 at the central port in the 0-th virtual cell and the transmit power P,," of the mobile station in the n-th virtual cell are given by Yo = where rm,k(nl is the distance from the mobile station in the n-th virtual cell to the k-th wireless port in the n-th virtual cell, a i s the path loss exponent, ?lm,en, is the shadowing loss (dB) and t,xr.l(m) is the complex fading gain for the propagation channel between the mobile station in the n-th virtual cell and the m-th antenna of the k-th wireless port in the n-th virtual cell.
(2) sc
The wireless port with the largest signal power is seleited for data demodulation at the central port. The SlNR 16 at the central port in the 0-th virtual cell and the transmit power P,,, of the mobile station in the n-th virtual cell are given by wireless port only.
(1) Multi-TD The signals transmitted from the wireless ports are received and coherently combined based on MRC at the mobile station. The SlNR 16 at the mobile station in the 0-th virtual cell and the transmit power b',,~,", of the k-th wireless port in the n-th virtual cell are given by ( 
2) SSTD
The SlNR 16 at the mobile station in the 0-th virtual cell and the transmit power P,,xo of the k-th wireless port in the n-th virtual cell are given by where the k-th wireless port is assumed to have the maximum received signal power, i.e., ( 
3) Present cellular system
For comparison, the present cellular system is considered.
The SlNR 16 at the base station in the 0-th cell of interest and the transmit power P,," of the mobile station in the n-th cell are given by Eq.(4) with k(n) replaced by n.
B. DOWNLINK
Two transmit diversity schemes are considered multi-transmit diversity (Multi-TD) where the same signal is transmitted from all wireless ports, and site selection transmit diversity (SSTD) where the signal is transmitted from the best
I f 9
where the k-th wireless port is assumed to provide the least instantaneous propagation loss. Number K of wireless ports per virtual cell Figure 3 Normalized average transmit power per virtual cell. Figure 3 shows the average transmit power normalized by the transmit power in a present cellular system as a function of the number K of wireless ports per virtual cell for the pass loss exponent ~3 . 5 , the standard deviation of log-normal shadowing ~7 d B and Rayleigh fading. Two-branch antenna diversity reception (M=2) at both the mobile and wireless port is assumed. It is seen that the average transmit power of the virtual cellular system can be significantly reduced from that of the present cellular system. When K=8 and MRC is used at the central port, the mobile transmit power (uplink) can be reduced to less than l/lOO of that of the present cellular system. The use of SC at the central port instead of MRC increases the mobile transmit power by about 2 times. The total transmit power of wireless ports (downlink) is smaller with SSTD than with Multi-TD. This is because with Multi-TD, all wireless ports transmit the same signal to a mobile, while only the best wireless port transmits with SSTD. However, even with Multi-TD, when K=7, the total transmit power of wireless ports can be reduced by 10 times from that of the present cellular system. This means that the transmit power of each wireless port is less than 1/70 of that of a base station in the present cellular system Irrespective of the value of a, the average transmit power of the virtual cellular system can he reduced significantly. As a becomes larger, the average transmit power reduces since the interference power from other virtual cells decreases.
B. FREQUENCY EFFICIENCY
A good indicator of the frequency efficiency in a cellular type communication system is the reuse distance D of the same frequency normalized by the virtual cell radius of R for keeping the outage probability at the allowable value. The outage probability is defined as the probability that the SINR at a central port (uplink) or a mobile station (downlink) becomes less than the required value. When the hexagonal layout of virtual cells is assumed, the allocated channels can be grouped into F groups, where F is called the cluster size and is given by F = (1/3)(D/R)* 161, each channel group being assigned to different virtual cell. Number K of wireless ports per virtual cell Figure 6 Frequency reuse distance DIR.
V. CONCLUSIONS
The virtual cellular concept was proposed tu realize a pico-cell network for broadband wireless communication systems. A virtual cell consists of many distributed wireless ports and a group of distributed wireless ports acts as one base station. The transmit power and frequency efficiencies of the virtual cellular system were evaluated by Monte Carlo simulation to show that the virtual cellular system can considerably reduce the transmit power, irrespective of the value of path loss exponent a and the number M of receive antennas. Reducing the transmit power contributes to reducing the frequency reuse distance. Even in TDMA, the same frequency can be reused within the same virtual cell.
